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(54) Low voltage SOI (silicon on Insulator) logic circuit 

(57) A SOI (Silicon On Insulator) logic circuit includ- 
ing serially connected power switching SOI MOSFETs 
(44, 45) and a logic circuit (43) constituted by SOI MOS- 
FETs. The bodies of the MOSFETs of the logic circuit 
are made floating state, thereby implementing low 
threshold voltage MOSFETs. The bodies of the power 
switching MOSFETs are biased to power supply poten- 
tials, thereby implementing high threshold MOSFETs. 
The low threshold voltage MOSFETs enable the logic cir- 
cuit to operate at a high speed in an active mode, and 
the high threshold voltage power switching MOSFETs 
can reduce the power dissipation in a sleep mode. * 
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Description 

The present invention relates to a low voltage SOI (Silicon On insulator) logic circuit using a SOI field effect transistor 
operat)le by 1 V dry battery. 

5 As a conventional low voltage logic circuit, one such as shewn in Fig. 1 is known. The logic circuit enploys a bulk 
CMOS circuit and is disclosed in Japanese patent application laying open No. 6-29834 (1994), and S. Mutoh. et al. "1 V 
HIGH SPEED DIGITAL CIRCUIT TECHNOLOGY WITH 0.5 »im MULTI-THRESHOLD CMOS". IEEE. 1993. pages 186- 
189. 

This circuit has a basic arrangement, in which a CMOS logic circuit group 3 is connected between a power switching 
10 MOSFET 4 and a power switching MOSFET 5 which are connected to a high potential power supply line 1 and a low 
potential power supply line 2, respectively Here, the power switching MOSFETs 4 and 5 are MOSFETs with high thresh- 
old voltage, and the logic circuit group 3 is composed of low threshold voltage MOSFETs. 

The high threshold voltage power switching MOSFETs 4 and 5 are provided with a sleep signal SL and its inverted 
signal *SL at the gates thereof, respectively. The MOSFETs 4 and 5 are kept nonconducting by a high level signal SL 
15 in a sleep mode (during a waiting time period] of the logic circuit group 3. thereby stopping power supply to the logic 
circuit group 3. Reversely, the power is supplied to the logic circuit group 3 in an active mode by keeping the sleep signal 
SL low, thereby maintaining the MOSFETs 4 and 5 in a conducting state. 

Generally, although low threshold voltage MOSFETs have characteristics of high speed operation, their leakage 
current in a nonconducting state is large. In contrast although high threshold voltage MOSFETs have characteristics of 
20 low speed operation, their leakage current in a nonconducting state is small. Therefore, the circuit as shown in Fig. 1 
can operate at a high speed in the active mode of the logic circuit group 3 while maintaining a small leakage current in 
the sleep mode. 

It shoud be noted here that individual substrates of MOSFETs of the logic circuit group 3 are connected to the high 
potential power supply line 1 or the low potential power supply line 2 in the conventional low voltage logic circuit. This 
25 substrate bias is applied for preventing faulty operations due to latch up which will readily occur in bulk CMOS. Incidentally, 
although the substrates of MOSFETs of the logic circuit group of Fig. 1 of the above-mentioned paper of Mutoh, et al. 
are shown as though they were not connected to any points, this is for the simplicity of drawing, and the substrates of 
these MOSFETs are actually connected to respective power supply lines. 

Applying such construction to a SOI CMOS logic circuit presents a problem that a device area will increase. This 
30 will be described below. 

Fig. 2 is a cross-sectional view showing tiie structure of a conventional SOI MOSFET. A buried oxide 12 is formed 
on a silicon substrate 1 1 , and an active region 13 consisting of a single crystal silicon layer is built on the buried oxide 
12. The active region 13 consists of a source 131 . a drain 132 and a body 132 sandwiched between them. The active 
region 1 3 is covered with a gate oxide 1 4, and a gate electrode 1 5 is formed on the gate oxide 1 4. By applying a voltage 
35 on the gate elecfarode 1 5, a channel 1 34 is formed in the top portion of the body 1 33. Thus, tiie active region 1 3 consists 
of the source 131, the drain 132 and the body 133, and the body 133 is insulated from the silicon substrate 1 1 by tiie 
buried oxide 12. 

Fig. 3A shows a method of applying a bias to the substrate of a bulk MOSFET. and Fig. 3B shows a method of 
applying a bias to the body of a SOI MOSFET In the bulk PMOSFET as shown in Fig. 3 A. an N well 20 is buitt in the 
40 substrate, a P-i- source 21 and a P+ drain 22 are formed therein, and a gate electrode 23 is formed on the top surface 
of the well 20 via a gate oxide. In addition, an N-i- bias region 24 is formed in the well 20 in such a fashion that a potential 
is applied thereto through contacts 25 from the top of the silicon. 

On tiie other hand, since the body 1 33 is insulated from tiie silicon sut)strate 1 1 as shown in Fig. 2 in a SOI PMOSFET 
shown in Fig. 3B. the body 133 must be extended via a connecting portion 34A to a bias region 34. in which contacts 
45 35 are formed. 

As a result, the area of tiie bias region increases in the SOI MOSFET as compared witii the bulk MOSFET. so that 
the SOI MOSFET has a disadvantage that its occupied area increases by tiiat amount. In particular, an increase in size 
of MOSFETs constituting the logic circuit group 3 poses a problem that it will increase the whole circuit area, and hence, 
reduce the degree of integration. 
50 It is therefore an object of the present invention to provide a low voltage SOI logic circuit capable of implementing 
a high speed operation and a high degree of integration. 

In a first aspect of the present invention, there is provided a low voltage SOI (Silicon On Insulator) logic circuit 
comprising: 

a first power supply line: 
55 a second power supply line; 

a first SOI FET (FieW Effect Transistor) whose source and body are connected to the first power supply line; 

a second SOI FET whose source and body are connected to tiie second power supply line; and 

a logic circuit connected between a drain of the first SOI FET and a drain of the second SOI FET; 

wherein the logic circuit is constituted by a plurality of SOI FETs whose bodies are made floating state, and a 
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connection between the first power supply line and the logic circuit and a connection between the second power supply 

line and the logic circuit are switched by a signal supplied to a gate of the first SOI FET and a gate of the second SOI FET 
Here, the can-ier concentration in the bodies of the SOI FETs constituting the logic circuit may be adjusted such that 

the bodies of the SOI FETs constituting th logic ctrcutt are made fully depleted, and a carrier concentration in the bodies 
5 of the first SOI FET and the second SOI FET may be adjusted such that the bodies of the first SOI FET and the second 

SOI FET are partially depleted. 

The earner concentration in the bodies of the SOI FETs constituting the logic circuit may be adjusted such that a 

depletion layer width W given by the following equation (A) Is equal to or greater than depth of the bodies of the SOI 

FETs constituting the logic circuit, and a carrier concentration in the bodies of the first SOI FET and the second SOI 
10 FET may be adjusted such that the depletion layer width W given by the following equation (A) is less than depth of the 

bodies of the first SOI FET and the second SOI FET. 

W = {2e^,-2(t»,/(q-Nt«dy)l''^ (A) 

75 where 

is the dielectric constant of silicon. 
^ is the Fenrd potential of silicon, 
q is the charge of the electron, and 
Ntxxjy is the easier concentration in the body. 
20 The depth of the bodies of the SOI FETs constituting the logic circuit may be made equal to or less than 1 00 nm, 
and the can-ier concentration in the bodies of the SOI FETs constituting the logic circuit may be made equal to or less 
than 1x1017 cm"3 to fully deplete the bodies, and the depth of the bodies of the first SOI FET and the second SOI FET 
may be made equal to or less than 100 nm. and the carrier concentration in the bodies of the first SOI FET and the 
second SOI FET may be set greater than 1x10i7 cm"^ to partially deplete the bodies. 
25 In a second aspect of the present invention, there is provided a low voltage SOI (Silicon On Insulator) logic circuit 
comprising: 

a first power supply line; 
a second power supply line; 

a first SOI FET (Field Effect Transistor) whose source is connected to the first power supply line, and whose body 
30 is connected to a gate of the first SOI FET; 

a second SOt FET whose source is connected to the second power supply line, and whose body is connected 
to a gate of the second SOI FET; and 

a logic circuit connected between a drain of the first SOI FET and a drain of the second SOI FET; 
wherein the logic circuit is constituted by a plurality of SOI FETs whose bodies are made floating state, and a 
35 connection between the first power supply line and the logic circuit and a connection between the second power supply 
line and the logic circutt are switched by a signal supplied to the gate of the first SOI FET and the gate of the second 
SOI FET. 

In a third aspect of the present invention, there is provided a low voltage SOI (Silicon On Insulata) logic circuit 
comprising: 
40 a first power supply line; 

a second power supply line; 

a power switching SOI FET (Field Effect Transistor) whose source and body are connected to the first power 
supply line; and 

a logic ctrcurt connected between a drain of the power switching SOI FET and the second power supply line; 
45 wherein the logic circuit is constituted by a plurality of SOI FETs whose bodies are made floating state, and a 

connection between the first power supply line arxj the logic circuit is switched by a signal supplied to a gate of the power 
switching SOI FET 

Here, the carrier concentration in the bodies of the SOI FETs constituting the logic circuit may be adjusted such that 
the bodies of the SOI FETs constituting the logic circuit are made fully depleted, and a carrier concentration in the body 
50 of the power switching SOI FET nray be adjusted such that the body of the power switching SOI FET is partially depleted. 
The carrier concentration in the bodies of the SOI FETs constituting the logic circuit may be adjusted such that a 
depletion layer width W given by the following equation (A) is equal to or greater than depth of the bodies of the SOI 
FETs constituting the logic drcurt. and a canrier concentration in the body of the power switching SOI FET may be 
adjusted such that the depletion layer width W given by the following equation (A) is less than depth of the body of the 
55 power switching SOI FET. 

W = {2e3i-2«,/(q-N^^))''2 (A) 
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where 

is the dielectric constarit of silicon, 
Is the Fermi potential of silicon, 
q is the charge of the electron, and 
5 Nbody is the carrier concentration in the body. 

The depth of the bodies of the SOI FETs constituting the logic circuit may be made equal to or less than 100 nm. 
and the carrier concentration in the bodies of the SOI FETs constituting the logic circuit may be made equal to or less 
than 1x1017 cm"3 to fully deplete the bodies, and the deptii of the body of the power switching SOI FET may be made 
equal to or less than 100 nm, and the carrier concentration of ttie body of the power switching SOI FET may be set 
10 greater than 1 xl 0^7 cm"3 to partially deplete the body. 

In a fourth aspect of the present invention, tiiere is provided low voltage SOI (Silicon On Insulator) logic circuit 
comprising: 

a first power supply line; 
a second power supply line; 

15 a power switching SOI FET (Reld Effect Transistor) whose source is connected to theflrst power supply line, and 

whose body Is connected to a gate of tiie power switching SOI FET; and 

a logic circuit connected between a drain of the power switching SOI FET and the second power supply line; 
wherein the logic circuit is constituted by a plurality of SOI FETs whose bodies are made floating state, and a 
connection between the first power supply line and the logic circuit Is switched by a signal supplied to the gate of the 
20 power switching SOI FET. 

The present invention is characterized in ttiat the bodies of the SOI MOSFETs In the logic circuit are kept floating 
state. This makes it possible to obviate the bias regions and tiie connecting portions which are conventionally required, 
and to prevent the device area from increasing. In addition, in an NMOSFET (PMOSFET) with its body kept floating 
state, holes (electrons) flow from drain to body (impact ionization) and increase the potential of the body. Accordingly, 
25 the absolute value of the voltage across the body and the source increases. This makes it possible to reduce tiie threshoki 
voltage of the devices, which presents an advantage that tiie power supply voltage to the devices for ttie logic circuit 
can be reduced. 

Although the bias region and tiie connecting portion are required to implement a high threshold voltage in tiie power 
switching MOSFET(s), it is sufficient for the power switching MOSFET(s) to be disposed only at one (botti) side(s) of 
30 the logic circuit. Accordingly, the number of the MOSFET(s) used in this circuit is very low in comparison with that of tiie 
logic circuit MOSFETs, and hence, the adverse effect on the entire area of the circuit can be nearly neglected. 

In add'rtion. adjusting tiie can-ier concentration of the body of a MOSFET makes it possible to set its threshold voltage 
at higher accuracy Specifically, in low threshold vohage MOSFETs for tiie logic circuit, the low threshold voltage can be 
implemented at high accuracy by fully depleting the body in tiie floating state by reducing tiie carrier concentration in 
35 the body. Likewise, In a high threshold voltage MOSFET(s) for the power switching, a high threshold voltage can be 
implemented at high accuracy by partially depleting ttie biased body by increasing tiie canier concentration in the body. 

Furthermore, the threshold voltage of the power switching MOSFET(s) can be automatically varied to a high thresh- 
old voltage during a nonconducting state, and to a low tiireshoki voltage during a conducting state by connecting the 
body of the MOSFET(s) to the gate to bias tiie body with the gate voltage. Thus, more advantageous power control can 
40 be achieved by using the variable threshold voltage. 

The atx)ve and other objects, effects, features and advantages of the present invention will become more apparent 
from tiie following description of the errtxxilments thereof taken in conjunction witii the accompanying drawings. 

Fig. 1 is a circuit diagram showing an example of a conventional tow voltage CMOS logic circuit; 

45 Fig. 2 is a cross-sectional view showing a common stiucture of a SOI MOSFET; 

Fig. 3A is a plan view showing a substi-ate biasing sti-ucture of a conventional bulk MOSFET; 
Fig. 3B is a plan view showing a body biasing structure of a conventional SOI MOSFET; 
Fig. 4 is a circuit diagram showing the arrangement of a first embodiment of a low voltage SOI logic circuit in accord- 
ance with tiie present invention; 

so Fig. 5A is a graph illustrating a gate-source voltage versus drain current characteristic and a threshold voltage 
characteristic when the body of a MOSFET is biased; 

Fig. 5B is a graph illustrating a gate-source voltage versus drain cunent characteristic and a threshold voltage 
characteristic when tiie body of a MOSFET is not biased; 

Fig. 6A is a cross-sectional view of a low tiireshold voltage SOI MOSFET for a logic circuit employed in the first 
55 embodiment; 

Fig. 6B is a cross-sectional view of a high tiireshold voltage SOI MOSFET for power switching employed in tiie first 
embodiment; 

Fig. 7 is a graph illustrating relationships between the carrier concentBtion of the body and the tiireshold voltag ; 



4 



EP0 690 510 A1 



Fig. 8 is a circuit diagram shewing the arrangement of a second embodiment of a low voltage SOI logic circuit In 
accordance with the present invention; 

Rg. 9A is a graph illustrating a gate-source voltage versus threshold voltage characteristic when the body of an 
NMOSFET is connected to the gate electrode; 
5 Fig. 9B Is a graph illustrating a gate-source voltage versus threshold voltage characteristic when the body of a 
PMOSFET is connected to the gate electrode; and 

Fig. 1 0 Is a circuit diagram showing a conventional circuit with an arrangement partially similar to the second emtxxf- 
iment. 

10 The invention will now be desaibed with reference to the acconrpanying drawings. 
EMBODIMENT 1 

Rg. 4 is a circuit diagram showing the arrangement of a first embodiment of a low voftage SOI logic circuit in accord- 

15 ance with the present invention. 

In this figure, the reference numeral 41 designates a high potential power supply line, and the reference numeral 
42 designates a lew potential power supply line. The high potential power supply line 41 is connected to the source 
terminal of a power switching PMOSFET 44, and the low potential power supply tine 42 is connected to the source 
terminal of a power switching NMOSFET 45. Tlie drain of the MOSFET 44 is connected to a high potential terminal of 

20 a logic circuit group 43, and the drain of the MOSFET 45 is connected to the low potential terminal of the logic circuit 
group 43. In other words, the MOSFET 44, the logic circuit group 43, and the MOSFET 45 are connected in cascade 
so that the power is supplied to the logic circuit group 43 through the MOSFETs 44 and 45. In addition, the gate terminal 
of the MOSFET 44 is provided with a sleep signal SU and the gate terminal of the MOSFET 45 is supplied with its 
inverted signal *SL. These signals are supplied for switching the power switching MOSFETs 44 and 45: They Keep the 

25 MOSFETs 44 and 45 nonconducting in the sleep nxxle of the logic circuit group 43. and conducting in the active mode 
of the logic circuit group 43. 

This OTibodiment is characterized in that the bodies of all the MOSFETs constituting the logic circuit group 43 are 
set in a floating state. That Is. the bodies of these MOSFETs are not biased. In contrast with this, the bodies of the power 
switching MOSFETs 44 and 45 are biased. Specifically, the body of the MOSFET 44 Is connected to the high potential 
30 power supply line 41 . and the body of the MOSFET 45 Is connected to the low potential power supply line 42. 

Rgs. 5 A and 56 are graphs illustrating the variation in the threshold voltage when the body of the MOSFET is biased 
and not biased, respectively. The abscissa indicates a gate-source voltage Vqs* arid the ordinate represents a drain 
cun-ent Iqs in a logarithmic scale. Vj^^^ and V-pHs are threshold voltages. As is clearly shown in these figures, the threshold 
voltage drops If the kxxfy is not biased because of the reason described before. TTius, in terms of the SOI MOSFETs, 
35 high threshold MOSFETs and low threshold MOSFETs can be fabricated depending on whether the body is biased or 
not without using a special mask for adjusting the threshold voltage in the fabrication process. 

Furthermore, the present embodiment adjusts the threshold voHage at higher accuracy by controlling the carrier 
concentration in the bodies. This will be described in detail below. 

Rg. 6A is a cross-sectional view showing the structure of a MOSFET for the logic drcurt group 43. and Rg. 68 is a 
40 cross-sectionat view showing the structure of the power switching MOSFETs 44 and 45. As is clearly seen from those 
figures, the body 133 A of the MOSFET for the logic circuit group 43 is built such that the depletion layer width W in the 
body Is equal to or greater than the depth of the body In other words, the body 1 33 A is fully depleted. On the other hand, 
the body 133B of the power switching MOSFET is built such that the depletion layer width W in the body is less than the 
depth of the body That is, the body 133B is partially depleted. Generally speaking, an increase in the depletion layer 
45 width will reduce the voltage required to form a channel, and hence, reduce the threshold voltage, as well. Thus, the 
threshold voltage of the MOSFETs for the logic circuit group is set at a low threshold value at higher accuracy, and the 
threshold voltage of the power switching MOSFETs is set at a high threshold voltage at higher accuracy 
The depletion layer width W of the MOSFETs shown in Figs. 6A and 6B is given by the following equation. 

so W = {2e3i-24)/(q-Nbo^)}''' (1) 

where 

%j is the dielectric constant of silicon. 
(t»f is the Fermi potential of silicon, 
55 q is the charge of the electron, and 

Ntxxiy is the carrier concentration in the body. 
The Fermi potential <^f is given by the following equation. 

(|>, = (kT/q)ln(NboVn,) (2) 
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where 

k is the Bottzmann constant. 
T is the absolute temperature of the body, 
nj is the intrinsic carrier concentration of silicon, and 
5 In represents the natural logarithm. 

It the depletion layer width W is set equal to or greater than the thickness tsoi of the active region 1 3. the body 1 33A 
will be fully depleted. It is known that the transconductance gm of the MOSFET increases, its gate capacitance decreases, 
and the operation speed of the MOSFET increases in this state. 

The threshold voltage Vjh of the MOSFET is given by the following approximation. 

JO 

^TH " ^FB 

where 

VpB is the flat-band voltage, and 
15 Cox is a capacitance due to the gate oxide 14. 

From equations (1) - (3). the fully depleted state of the body 133A of the MOSFETs for the \oq\c circuit can be 
implemented by setting the thickness tsoi of the active region 13 at 100 nm, the thickness tox of the gate oxide 14 at 7 
nm (in which case, Cqx = 0.49 jiF/cm2), and the earner concentration Nbody of the body 133A at 8x10^6 cm~3 {in which 
case, VpB = -0.9V, and 24>f = 4O.8V). This results in the threshold vottage of approximately 0.2V as shown in Fig. 7. 
20 thereby implementing a low threshold voltage MOSFET. As shown In Fig. 7, the threshold voltage reduces with a deaease 
In the earner concentration which results in an inaease in the depletion layer width. 

Thus, tiie fully depleted state of the body 133A of the MOSFETs for the logic circuit can be implemented. It is 
preferable that the canier concentration Ntx^iy be set below 1x10^7 cm~3 when the thickness tsoi of the active region 
13 is 100 nm. 

25 On the other hand, in the power switching MOSFETs 44 and 45 whose body 133B is biased, the body 133B is 
partially depleted. For example, the body 1338 is partially depleted as shown in Fig. 68 by setting the carrier concen- 
tration Nbody of the body 1338 at 4x1 Qi 7 cm"3, in which case the depletion layer width W = 54 nm. This results in Vpg 
= *1 .0 V and 2<t>f = -fO.9 V. Thus, a high threshold voltage MOSFET with a threshold voltage of approximately 0.6V can 
be irrplemented. The thickness tsoi of the active region 13 and the thickness tox of the gate oxide 14 are set at the 
30 same values as those of the MOSFETS for the logic circuit. It is preferable that the carrier concentration N^ody of tiie 
body 1338 be set equal to or greater than 1x10i7 cm"3. 

Thus, the bodies 1338 of the power switching MOSFETs 44 and 45 are partially depleted. The bodies 133b which 
are partially depleted are connected to tiie high potential power supply line 41 and the low potential power supply line 
42, respectively This makes it possible to suppress the variation in the threshold voltage as small as that of the conven- 
es tional bulk MOSFET. As a result, the variation in the conducting state resistance of tiie power switching MOSFETs 44 
and 45 can be reduced, and hence, a stable power supply voltage can be supplied to the logic circuit group 43. 

EMBODIMENT 2 

40 Fig. 8 is a circuit diagram showing the arrangement of a second embodiment of a low voltage SOI logic circuit in 
accordance with the present invention. 

This emfc>odiment differs from the first embodiment in that the bodies 1338 of the power switching MOSFETs 44 
and 45 are connected to tiieir own gate electrode 15. 

With tills aoangement, the threshold voltages of the MOSFETs 44 and 45 are inaeased, and tiie leakage current 
45 is reduced in the sleep mode, whereas the threshold voltages are decreased, and the supply voltage to the logic circuit 
group 43 is increased in the active mode. 

Figs. 9A and 98 are graphs illustrating tiiis reason. In these graphs, the abscissa represents the gate-source voltage 
Vqs, and tiie ordinate indicates tiie threshold voltage Vjh- As is shown in these figures, the absolute values of the 
threshold voltages Vjh of the MOSFETs decrease with an increase in the absolute values of the gate-source voltages 
50 Vqs- The second embodiment utilizes these characteristics. 

First, in the sleep mode, the high level signal SL (IV) is supplied to the gate of tiie PMOSFET 44, and the low level 
signal *SL (OV) is supplied to the gate of the NMOSFET 45. TTiis makes the gate-source voltages Vqs of tiie PMOSFET 
44 and the NMOSFET 45 the low voltage (OV), thereby increasing the threshold voltage Vth* 

On the otiier hand, in the active mode, the low level signal SL (OV) is supplied to the gate of the PMOSFET 44. and 
55 the high level signal *SL (IV) is supplied to the gate of the NMOSFET 45. This makes the gate-source voltage Vqs of 
the PMOSFET 44 and NMOSFET 45 the high voltage (1 V). thereby decreasing the threshold voltage y-^. 

As a result, the leakage current can be suppressed at a low value in the sleep mode because of tiie increased 
nonconducting state resistance of the MOSFETs 44 and 45, and the supply voltage to the logic circuit group 43 can be 
increased in tiie active mode owing to the reduced conducting state resistance of the MOSFETs 44 and 45. 
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Although the power switching MOSFETs are provided for both the high potential side and the low potential side in 
the foregoing embodiments, a nearly similar effect and advantages can be achieved by providing only one power switch- 
ing MOSFET to either the high potential side or the low potential side. For example, when the MOSFET 45 at the low 
potential side is removed, the low potential terminal of the logic circuit group 43 can be directly connected to the low 
5 potential power supply line 42. 

Rg. 10 shows a conventional technique, in which the bodies of MOSFETs constituting a logic circuit are each con- 
nected to their respective gate electrodes. This technique Is disclosed in T Andoh. et al. "Design Methodology for Low- 
Vottage MOSFETs", 1994, IEEE, pp. 79-82. The present embodiment differs from this conventional technique in that 
although the conventional technique employs the MOSFETs with their bodies connected to the gate electrodes as logic 
10 circuit elements, the present invention uses such MOSFETs only as the power switching MOSFETs. Since the MOSFETs 
with their bodies connected to the gate electrodes must be provided with connecting portions between the bodies and 
the gate electrodes, the occupied area and the input capacitance of the device Increase as compared with those of the 
MOSFETs with their bodies floating. This will reduces the operation speed, and hence, the MOSFETs with their bodies 
connected to the gate electrodes are unsuitable for the logic circuit. The present invention can avoid such adverse effect 
15 because such MOSFETs are only used as the power switching elements which demand lower operation speed and 
lower used number than those of the MOSFETs for the logic circuit. 

The present invention has been described in detail with respect to various embodiments, and it will now be apparent 
from the foregoing to those skilled in the art that changes and nrxxiif ications may be made without departing from the 
invention in Hs broader aspects, and it is the intention, therefore, in the appended claims to cover all such changes and 
20 modifications as fall within the true spirit of the invention. 

A SOI (Silicon On Insulator) logic circuit including serially connected power switching SOI MOSFETs (44. 45) and 
a logic circuit (43) constituted by SOI MOSFETs. The bodies of the MOSFETs of the logic circuit are made floating state, 
thereby implementing low threshold voltage MOSFETs. The bodies of the power switching MOSFETs are biased to 
power supply potentials, thereby implementing high threshold MOSFETs. The low threshold voltage MOSFETs enable 
25 the logic circuit to operate at a high speed in an active nDode, and the high threshold voltage power switching MOSFETs 
can reduce the power dissipation in a sleep oKXIe. 

Claims 

30 1 . A low voltage SOI (Silicon On Insulator) logic circuit characterized by comprising: 
a first power supply line; 
a second power sippiy line; 

a first SOI FET (Reld Effect Transistor) whose source and body are connected to said first power supply line; 

a second SOI FET whose source and body are connected to said second power supply line; and 
35 a logic circuit connected between a drain of said first SOI FET and a drain of said second SOI FET; 

wherein said logic ctrcutt is constituted by a plurality of SOI FETs whose bodies are made floating state, and 
a connection between said first power supply line and said logic circuit and a connection between said second power 
supply line and said logic circuit are switched by a signal supplied to a gate of said first SOI FET and a gate of said 
second SOI FET 

40 

2. The tow voltage SOI logic circuit as claimed in claim 1 , characterized in that a carrier concentration in said bodies 
of said SOI FETs constituting said logic circuit is adjusted such that said bodies of said SOI FETs constituting said 
logic circuit are n^de fully depleted, and a carrier concentration in said bodies of said first SOI FET and said second 
SOI FET is adjusted such that said bodies of said first SOI FET and said second SOI FET are partially depleted. 

45 

3. The low voltage SOI logic circuit as claimed in claim 1 , characterized in that a carrier concentration in said tx)dies 
of said SOI FETs constituting said logic circuit is adjusted such that a depletion layer width W given by the following 
equation (A) is equal to or greater than depth of said bodies of said SOI FETs constituting said logic circuit, and a 
carrier concentration in said bodies of said first SOI FET and said second SOI FET are adjusted such that said 

50 depletion layer width W given by the following equation (A) is less than depth of said bodies of said first SOI FET 
and said second SOI FET. 

VJ^{2e^^'Z^,/(q'N^^)]''' (A) 

55 where 

is the dielectric constant of silicon. 
(t>f is the Fermi potential of silicon, 
q is the charge of the electron, and 
Nbody is the cannier concentration in the body. 
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4. The low voltage SOI logic circuit as claimed in claim 3. characterized in that said depth of said bodies of said SOI 
FETs constituting said logic circuit Is made equal to or less than 100 nm, and said carrier concentration in said 
bodies of said SOI FETs constituting said logic circuit is made equal to or less than 1x10i7 cm"3 to fully deplete 
said bodies, and said depth of said bodies of said first SOI FET and said second SOI FET is made equal to or less 
than 100 nm, and said carrier concentration in said bodies of said first SOI FET and said second SOI FET is set 
greater than 1x1 0^^ cm~3 to partially deplete said bodies. 

5. A low voltage SOI (Silicon On Insulator) logic circuit characterized by comprising: 

a first power supply line; 
a second power supply line; 

a first SOI FET (Re!d Effect Transistor) whose source is connected to said first power supply line, and whose 
body is connected to a gate of said first SOI FET; 

a second SOI FET whose source is connected to said second power supply I iner and whose body is connected 
to a gate of said second SOI FET; and 

a logic circuit connected between a drain of said first SOI FET and a drain of said secortd SOI FET; 

wherein said logic circuit is constituted by a plurality of SOI FETs whose bodies are made floating state, and 
a connection between said first power supply line and said logic circuit and a connection between said second power 
supply line and said logic circuit are switched by a signal supplied to said gate of said first SOI FET and said gate 
of said second SOI FET 

6. The low voltage SOI logic circuit as claimed in claim 5. characterized in that a carrier concentration in said bodies 
of said SOI FETs constituting said logic circuit is adjusted such that said bodies of said SOI FETs constituting said 
logic circuit are made fully depleted, and a carrier concentration in said bodies of said first SOI FET and said second 
SOI FET is adjusted such that said bodies of said first SOI FET and said second SOI FET are partially depleted. 

7. The low voltage SOI logic circuit as claimed in daim 5, characterized in that a earner concentration in said bodies 
of said SOI FETs constitutng said logic circuit is adjusted such that a depletion layer width W given by the following 
equation (A) is equal to or greater than depth of said bodies of said SOI FETs constituting said logic circuit, and a 
earner concentration in said bodies of said first SOI FET and said second SOI FET are adjusted such that said 
depletion layer width W given by the following equation (A) is less than depth of said bodies of said first SOI FET 
and said second SOI FET 

W=.{2e3,-2*/(q-Nt^^)}'^ (A) 

where 

is the dielectric constant of silicon, 
(>f is the Fermi potential of silicon, 
q is the charge of the electron, and 

is the carrier concentration in the body 

8. The low voltage SOI logic circuit as claimed in claim 7, characterized in that said depth of said bodies of said SOI 
FETs constituting said logic circuit is made equal to or less than 100 nm, and said carrier concentration in said 
bodies of said SOI FETs constituting said logic circuit is made equal to or less than 1x10^7 cm~3 to fully deplete 
said bodies, and said depth of said bodies of said first SOI FET and said second SOI FET is made equal to or less 
than 100 nm, and said carrier concentration in said bodies of said first SOI FET and said second SOI FET is set 
greater than 1x10^7 cm~3 to partially deplete said bodies. 

9. A low voltage SOI (Silicon On Insulator) logic circuit characterized by comprising: 

a first power supply line; 
a second power supply line: 

a power switching SOI FET (Field Effect Transistor) whose source and body are connected to said first power 
supply line; and 

a logic circuit connected between a drain of said power switching SOI FET and said second power supply line; 

wherein said logic drcurt is constituted by a plurality of SOI FETs whose bodies are made floating state, and 
a connection between said first power supply line and said logic circuit is switched by a signal supplied to a gate of 
said power switching SOI FET 

10. The low voltage SOI logic circuit as claimed in daim 9, characterized in that a carier concentration in said bodies 
of said SOI FETs constituting said logic circuit is adjusted such that said bodies of said SOI FETs constituting said 
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logic circuit are made fully depleted, and a carrier concentration in said body of said power switching SOI FET is 
adjusted such that said body of said power switching SOI FET is partially depleted. 

11. The low voltage SOI logic circuit as claimed in claim 9. characterized In that a carrier concentration in said bodies 
5 of said SOI FETs constituting said logic circuit is adjusted such that a depletion layer width W given by the following 

equation (A) is equal to or greater than depth of said bodies of said SOI FETs constituting said logic circuit, and a 
cannier concentration In said body of said power switching SOI FET is adjusted such that said depletion layer width 
W given by the following equation (A) Is less than depth of said body of said power swvltching SOI FET. 

10 W = {2e,i-2*,/(q-Nb^^)}''=^ (A) 

where 

c^j is the dielectric constant of silicon. 
^( is the Fermi potential of silicon, 
15 q is the charge of the electron, and 

Ntxxjy is the carrier concentration in the body. 

12. The low voltage SOI logic circuit as claimed in daim 11, characterized in that said depth of said bodies of said SOI 
FETs constituting said logic circuit is made equal to or less than 100 nm, and said carrier concentration In said 

20 bodies of said SOI FETs constituting said logic circuit is made equal to or less than 1x10^^ cm~3 to fully deplete 
said bodies, and said depth of said body of said power switching SOI FET is made equal to or less than 100 nm, 
and said carrier concentration of said body of said power switching SOI FET is set greater than 1x10^^ cm~3 to 
partially deplete said body. 

25 13. A low voltage SOI (Silicon On Insulator) logic circuit characterized by comprising: 
a first power supply line; 
a second power supply line; 

a power switching SOI FET (Reld Effect Transistor) whose source is connected to said first power supply 
line, and whose body is connected to a gate of said power switching SOI FET; and 
30 a logic circuit connected between a drain of said power switching SOI FET and said second power supply line; 

wherein said logic circuit is constituted by a plurality of SOI FETs whose bodies are made floating state, and 
a connection between said first power supply line and said logic circuit is switched by a signal supplied to said gate 
of said power switching SOI FET. 

35 14. The low voltage SOI logic circuit as claimed in daim 1 3, characterized in that a carrier concentration in said bodies 
of said SOI FETs constituting said logic circuit is adjusted such that said bodies of said SOI FETs constituting said 
logic circuit are made fully depleted, and a can-ier concentration in said body of said power switching SOI FET is 
adjusted such that said body of said power switching SOI FET is partially depleted. 

40 15. The low voltage SOI logic circuit as claimed in daim 1 3, characterized in that a carrier concentration in said bodies 
of said SOI FETs constituting said logic circuit is adjusted such that a depletion layer width W given by the following 
equation (A) is equal to or greater than depth of said bodies of said SOI FETs constituting said logic circuit, and a 
carrier concentration in said body of said power switching SOI FET is adjusted such that said depletion layer width 
W given by the following equation (A) is less than depth of said body of said power switching SOI FET. 

45 

W = {2£,i-24»f/(q-Nt„^)}''' (A) 

where 

is the dielectric constant of silicon. 
so 4»f is the Fermi potential of silicon, 

q is the charge of the electron, and 
^body is the carrier concentration in the body. 

16. The low voltage SOI logic circuit as claimed in daim 15. characterized in that said depth of said bodies of said SOI 
55 FETs constituting said logic circuit is made equal to or less than 100 nm, and said carrier concentration in said 
bodies of said SOI FETs constituting said logic circuit is made equal to or less than 1x10^^ cm~3 to fully deplete 
said bodies, and said deptii of said body of said power switching SOI FET is made equal to or less than 100 nm. 
and said can'ier concentration of said body of said power switching SOI FET is set greater tiian 1x10^^ cm"3 to 
partially deplete said body. 
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